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REGEAJ^CH MEMORANDUM 


V/IND-TUNlffiL INVESTIGATION OF WING DUETS 


FOR A FOUR-ENGDE ATEPIAIffi 


By Walter A.. Bartlett, Jr. and Edwin B. Goral 


SUMMARY 


An investigation has Been conducted in the Langley propeller - 
research t'.umel to develop wing -leading -edge inlets for location 
Between the inBoard and outboai’d nacelles on each wing of a 
fomr -engine airplane for v,he Army Air Forces. The investigation 
included aerodynaaiic tests of the basic wing and the original inlet, 
and the development By the NACA of wing Inlets for two versions of 
the airplene. 

The original inlet was found to decrease the maziinm lift 
coefficients and to have critical Mach numbers Below those of the 
wing with the Basic nose installed. The total -pres sure recovery in 
the oil cooler ducts -v^as poor regardless of the inlet installation. 
As the sharp expanding Bend in this duct cannot Be avoided, it is 
recommended that the oil -cooler air Be induced through the covrling 
or from some source other than the subject wing inlet. 

TVfO Inlets (nos. 5 a-nd 6) were developed that should Be satis- 
factory for the airplane. The maximum lift coefficients for "Lhe 
model 'with inlets 5 ^J^d 6 installed xrere about 1.21 and 1.22, 
respectively, with 0° wing flaps and I.87 and 2.00, respectively, 
with 65 wing flaps compared to corresponding values of 1.20 and 2.01 
for the model equipped with the faired basic nose. The predicted 
critical Mach numbers for inlets 5 and 6 for the critical militai-y- 
power high-speed condition for an altitude of h0,000 feet were 0. 63 
and 0.6h, respectively, as compared to 0.6k for the thickest section 
of the Basic wing. Propeller operation (either right or left hand) 
caused appreciable increases in maximum lift coefficients and in the 
total pressures in the ducting. 


An investigation has Been conducted in the Langley propeller - 
research tunnel to develop satisfactory wing -leading -edge inlets for 
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location "between the in"board and oufboard nacelles on each wing of a 
four-engine airplane for the Arr:iy Air Forces. This high-speed, long- 
range airplane is powered "by four Pratt Whitney R- 436 O engines 
which drive four-blade right-hand tractor propellers. Oil -cooler, 
intercooler -cooling, and charge air are svipplied to/bhe engine 
inste-llation through ducts leading from wing -leading -edge inlets 
located between the inboard and outboard nacelles; the cooling air 
is exhausted through flapped exits on the lower surface of each 
nacelle while the engine exhaust is discharged through the nacelle 
tail. To avoid penalizing the performance of the airplane, it was 
considered essential that the wing inlets used should not reduce the 
maximum lift coefficients or critical Mach numbers below those of 
the basic vring, should have lo-w parasite drag, and should provide 
a high pressure recovery over the complete i-ange of flight conditions. 

A -scale semispan model of the left wing of the airplane was 

used for the tests. The model was equipped with an end plate at the 
fuselage location to give a wing-lift distribution approximating that 
of the left wing of the actual airplane. 

The investigation included propeller -removed tests of the model 
with the basic nose, the original inlet, and 5 inlets constructed 
by this Laboratory in the course of the development program. A 
previous investigation of wing -leading -edge inlets which served as 
a guj.de in the development of the inlets is presented in reference 1. 

Tile configurations were compared by lift measurements, static- 
pressure surveys on the duct lips, total -pressure surveys in the 
internal flow, and profile drag measured by the wake survey method. 
Additional tests were conducted to determine the pressure distributions 
on the upper and lower surface of the outboai’d nacelle, the effect 
of the end plate on the lift characteristics, and the effect of 
propeller operation (for both right- PJid left-hand x-’otation) on the 
lift characteristics anc^ on the internal total -pressure coefficients. 


SYMBOLS 


The symbols used in this report are: 

c section drag coefficient (d/q.^c) 

d ^ 

C-^ lift coefficient (L/q.^S) 

Tq thrust disk-loading coefficient (T/2q^D^^ 




NACA EM Wo. L6L11 


c 

section chord, 3 •51? feet at win^ station 72.25 

d 

section drag^ pounds per luiit span 

D 

propeller diameter, 3.9I7 feet 

L 

lift, pounds 


free -stream dynamic pressure, pounds per square foot 

S 

wing area, 45.235 square feet 

T 

propellei’ thrust, pounds 

F 

projected frontal area of wing corresponding to span of 
portion of inlet ijinder consideration (measured 
perpendicular to chord and between center lines of 
divider vanes) 

(sq^ft) 

Inboard oil cooler O.186 

Inboard intercooler .453 

Inboard- carburetor .228 

Outboard carburetor .219 

Outboard intercooler .432 

Outboard oil cooler .164 

Complete inlet 1.682 

H 

total pressure, pounds per square foot 

M 

cr 

predicted critical Mach number 

P 

static pressure, pounds per square foot 

Q 

quantity rate of flow, cubic feet per second 

V 

velocity, feet per second 

a 

angle of attack of root chord, degrees, corrected for jet 

boundary by the relation a = ^ - 1.052C^ 

test ^ L 1 

8 

wing -flap deflection with respect to the root chord, 
degrees 


H " Pn 

total -pressure coefficient 

<lo 
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static -pressure coefficient 
flov coefficient 
inlet -velocity ratio 

Subscripts : 

c carburetor ducts 

i inlet 

I intercooler 

o free stream 

0 oil cooler 

t complete inlet 

A bar over a s;?mbol denotes an average value. 

MODEL AND TESTS 


? llo 
<5o 

Q 

FV 

o 

V. 

V 

o 


Model . - Drawings of the model and a general view of the model 
mounted in the tunnel are presented as figitre 1; photographs of the 
double slotted wing flaps in the several test positions are shorn 
in figure 2. 

The wing inlet vrith which the present investigation is concerned 
was located between the inboard and outboard nacelles. This inlet was 
divided by vanes into six separate ducts that simulated those of the 
airplane f onward of the front spar; these ducts are identified in 
fig-ure 1. Behind the front spar, nonscale ducts conveyed the 
internal flow to suitable exits beneath the nacelles. Shutters were 
provided in the ducts just upstream of the exits to permit control 
of the internal flow. 

Cross-sectional sketches of the six inlet configurations tested 
are sho>m in figure 3 superimposed on outlines of the basic airfoil 
contour. Ordinates for these inlets for wing stations 55-125 
and 90.125 are given in tables I thi-ough VI. The" inlet lips were 
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developed "by connecting’ with a straight line the ordinates at eq^ual 
percent chords at these two wing stations . Ordinates of the haslc 
airfoil sections used in the wing are given in te.hle VII. Inlet nuinher 1 
was the original inlet furnished with the model; considerations 
which led to the development of the remaining inlets ejre discussed 
under the section of the report entitled 'iResults and Discussion". 

Because the external surfaces of inlets 3 snd 6 were thicker 
than the "basic airfoil at the point where the Inlets detached from 
the rest of the wing, they were faired with modeling clay from that 
point to the section of maximum thickness of the wing. Discontinuities 
existed in the internal lines of inlets A and 5 just in front of 
the point of detachment because it vas necessary to maintain a 
reasonable initial diffuser angle. These discontinuities were not 
faired because of difficulties incurred in obtaining access to the 
inner portions of the model. A detail sketch showing the position 
of this discontinuity for inlet 5 relative to the pressure tubes 
at the measuring station is given in figiire 4. 

An electric motor of 100 horsepower was installed in each 
nacelle to drive the model propellers. A view of the right-hand 
set of model propellers installed is presented as figure 5^ identical 
left-hand propellers were used in some tests to duplicate the 
slipstream conditions for the right wing. A comparison of the 
blade -form characteristics for these propellers with those for the 
Curtiss 10 l6 propeller (specified as full-scale airplane equipment 
at the start of the testing) is given in figure 6. With the test 
blade angle set at 27° at the 75“p6^cent radius station, computations 
shoved that the thrust -torque relationship and tlie radial load 
distribution for the model propellers very nearly duplicated those 
for the full-scale propellers. The propeller hubs were enclosed 
in spinners of elllptiaai sections. 

Two sets of flush cowling flaps, (fig. 2(c) and 2 (e)) were 
furnished with the model to permit control of the engine -cowling 
air flow. As preliminary tests indicated that changes in the 
cowling flow quantities did not cause measurable differences in the 
flow conditions at the win;;^ duct inlet, only the "long" cowling flaps, 
which produced an inlet -velocity ratio of the order of O.76, were 
used in the investigation. 

Instrumentation and methods . - Closely spaced flush orifices were 
installed in the inlet surface at wing stations 56.813, 69. 75O, 
and 88.281 on inlets 1 through 3, but only at station 69.750 on 
inlets 4 throiigh 6 because preliminary tests indicated that the 
static- pressure distributions were essentially the same for the 
three wing sections. Total- and static -pressure tubes were installed 
at the pressure -measuring stations in the cha.rge-air and intercooler- 
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cooling-air ducts of the several Inlets (see fig. l) . Grids 
of total -pressure tubes were also installed in the oil -cooler ducts 
do'tmstream of the duct bends at the entrances of these ducts to the 
nacelles. Total- and static -pressure tubes were installed in the 
inlet section of the oil-cooler ducts only for inlet number 1. 
Pressvires in the wake of the model were measured by a siu'vey rake 
(fig: 2(a)) located at a distance of 20 percent of the chord 
behind the trailing edge of the wing. Pressure belts (fig. 7 and 
reference 2) vrere used to measure the static pressure distributions 
on the nacelle svirface. Pressures in the internal cowling flow 
were measured by means of total- an.d static -pressure tubes mounted 
at four equally spaced stations in the cowling exit. 


All pressui’es over the inlet lips and within the wing ducts 
were recorded simultaneously by photographing a multi tube manometer; 
other pressures were obtained visually from a second multitube 
manometer. The average total pressures at each measuring station 
in the internal ducting were obtained through averaging by integration 


the faired curves of the local values in both the horizontal and 
vertical directions. Internal flow quantities were obtained through 
averaging by integration the local flow velocities calculated from 
the pressijres measured in the ducts. The value of flow coef- 


ficient — — given for Individual oil -cooler , intercooler and 

carburetor ducts, is for that se:pnent of the inlet being considered, 
and may be hi.gher or lower than the total flow coefficient for the 
complete inlet. To aid in the interpretation of the data, curves 

for converting inlet-velocity ratio -- to total flow coef- 

Qt ° 

ficient are given in figure 8 for all the inlets tested. 

^tVo 


Lift measurements were obtained by means of the recording timnel 
balance system. 


Tests . - The model was mounted at 0° dihed_ral for the tunnel tests. 
Jury struts allowed the model to be positioned at any geometric angle 
of attack between -8° and 23 . 


Preliminary tests vrere conducted with the number 1 inlet 
installed to determine settings for the wiirg duct exit shutters that 
would provide approximately uniform entrance velocities across the 
duct inlet. The exit shutter calibrations thus determiined vrere used 
to set the inlet -velocity ratios for all other vring-inlet configurations. 
As the quantity of flow through the oil cooler ducts vras measured 
only for the number 1 inlet, the flow quantities throxigh the oil 
cooler ducts of the other configurations were obtained from the exit- 
shutter calibration; this procedure appeared to be justified on the 
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"basis of the ohserved constancy of the flo'iT through the other ducts 
for given shutter settings despite changes in the inlet configu- 
ration. 

In tests to obtain aerodynamic data on the basic wing, a solid 
leading edge replaced the duct inlet and the duct exits were sealed. 
The lift characteristics of the model were determined through a 
geometric angle -of -attack range from -8° to 23° for wing flap 
deflections of 0^, 20*^, 65 . and 65° with flaps continued under 
nacelles. The nacelle surface-pressure distributions were measured 
simultaneously with the lift at geometric angles of attach 

o o o o 

of 0 , 5 > 10 , and I5 . Wake sur-veys, for the determination of 
the section drag coefficients, were obtained at a geometric angle 
of attack of -2® behind model wing station 72.25. 

The lift eind section drag characteristics of the model with the 
various inlets installed were determined in the same manner as 
described in the preceding paragraph over a range of flow 
quantities through the various ducts. 

Total -pressixre recoveries and surface -preesi’re distributions 
vrith the various inlets installed on the model were measured over 
a range of flow and lift coefficients tliat would allow the coverage 
of the range of fli:ght operations. Total -pressure recoveries were 
also measured in the propeller -installed conditions over a wide 
range of thrust coefficients. 

All tests were conducted in wind velocities of about 100 miles 
per hovir with 0*^^and 20° wing flap deflections, and 80 miles per 
hour with the 65 deflection. Corresponding Eejaiolds numbers based 
on the mean aerod;mamic chord were about 3,000,000 and 2,400,000, 
respectively. 


RESULTS MD DISCUSSION 


Lift data are presented in Tlgures 9 througl; 11; eectioo drag 
coefficients for several of the configurations are compared in 
figure 12; surface -pressure distributions and predicted critical 
Mach nunbers are given in figures 13 throeigh 16; and pressure data 
obtained at the measuring stations in the ducting are presented 
in figeires I7 through I9. The effects of propeller operation on 
the lift characteristics and on the pressure recoveries in one 
compartment of the inlet are shown in figures 11 and 20, respectively. 
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Basic mod e].. - The maximum lift coefficients for the basic model 
vith the duct exits sealed and faired were 1.20, 1.5^, and 2.01 for 
wing flap deflections of 0°, 20°, and 65°. (See fig. 9.) Extending 
the flap under the nacelles as sho\m in figvire 2(d) decreased the 
maximum lift coefficient with 65° flap deflections to 1.9^ • -d 
similar decrease was reported in refereiice 3- 

In the course of additional tests of this model in the 
Langley 19-foot pressure tmmel, a maximum lift coefficient of 1.39 
was obtained for the basic model with 0° flaps at a test Eeynolds 

number of about 4,500,000. A reflection p3.ane was used in these 

tests in place of the end plate used in the present investigation. 

Data given in reference 4 indicate that the difference in end 
conditions would accovtnt for differences in maximum lift coefficient 
of the oi-der shewn. An end -condition correction supiDlementary to 
the standard corrections must be applied to the lift data in this 
report if these data are to be used for other than comparative 
purposes . 

The section drag coefficients for the basic wing at a = -2.4 , 
computed from wake surveys by the method of reference 5> were 0.0077 
at wing station 72.25 midway between the nacelles and O.OO72 at 
wing station 113.75 outboard of the outboard nacelle. (See fig. 12.) 

Distributions of static pressure on the top and bottom surface 
of the outboard nacelle are sIioto in figure 13* These data show 
that a greater pressrire difference across the cooling ducts could 
be obtained in err’ising and climbing flight by locating the duct 
exits on the top of the nacelles rather than on the bottom where 
they are located at present. 

Inlet number 1. - Inlet number 1, the original inlet furnished 
with the model, had a large ratio of inlet height to maximum wing 
thickness, a lip -stagger angle of 16.5°, and a lower lip which 
extended well below the contour of the basic airfoil. (See fig. 3-) 

Lift characteristics of the model with the nuaiber 1 inlet 
installed are presented as a function of angle of attack in 
figures 10(a) and 10(b) for flap deflections of 0° and 65°- Increases 
in the rate of flow caused consistent increases in for 

^ max 

the 0 wing flap configuration, but had little or no effect on 

for the 65° wing flap configuration. At the maximum rate of 

max 

internal flow investigated, substitution of jnlet number 1 for the 
basic nose caused large reductions in as shown in the 

i j 

following table; 
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basis of the observed constancy of the flov through the other ducts 
for given shutter settings despite changes in the inlet configu- 
ration. 

In tests to obtain aerodynamic data on the basic wing, a solid 
leading edge replaced the dvict inlet and the duct exits were sealed. 
The lift characteristics of the model were determined through a 
geometric angle -of -attack range from -8° to 23° for vring flap 
deflections of 0^, 20*^, 65 . and 65*^ with flaps continued under 
nacelles. The nacelle surface-pressure distributions were measured 
simultaneously with the lift at geometric angles of attack 

o o o o 

of 0 , 5 . 10 , and I5 . Wake sui-veys, for the determination of 
the section drag coefficients, were obtained at a geometric angle 
of attack of -2° behind model wing sts-tion 72.25. 

The lift and section drag characteristics of the model with the 
various inlets Installed were determined in the same manner as 
described in the preceding paragraph over a range of flow 
quantities through the various ducts. 

Total -pres sure recoveries end surface -pressure distributions 
with the various inlets installed on the model vrere measured over 
a range of flow and lift coefficients that woitLd allow the coverage 
of the range of fliglat operations. Total -pressure recoveries were 
also measured in the propeller -installed conditions over a wide 
range of thrust coefficients. 

All tests were conducted in wind velocities of about 100 miles 
per hovr with O^^and 20^ wing flap deflections, ^:uid 8o miles per 
hour with the 65 deflection. Corresponding Eejnclds numbers based 
on the mean aerodynaraic chord were about 3,000,000 and 2,1K)0,000, 
respectively. 


KESUI.TS Ain) DISCUSSION 


Lift data are presented in fibres 9 througla 11; eection drag 
coefficients for several of the configurations are compared in 
figure 12; surface -pressujce distributions and predicted critical 
Mach numbers are given in figures I3 through I6; and pressure data 
obtained at the measuring stations in the ducting are presented 
in figures ].7 through I9. The effects of propeller operation on 
the lift characteristics and on the pressure recoveries in one 
compartment of the inlet are shown in figures 11 and 20^ respectively. 
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Basic model . - The maximvim lift coefficients for the basic model 
vith the duct exits sealed and faired were 1.20^ 1-5^^ snd 2.01 for 
wing flap deflections of 0°, 20°, and 65°. (See fig. 9.) Extending 
the flap under the nacelles as shown in figure 2(d) d.ecreased the 
mscclmum lift coefficient with 65° flap deflections to 1.9^' A. 
similar decrease was reported in reference 3- 

In the course of additional tests of this model in the 
Langley 19-foot pressure tunnel, a maximi-'m lift coefficient of 1-39 
was obtained for the basic model with 0° flaps at a test Eeynolds 

number of about 4,500,000. A reflection plane was used in these 

tests in place of the end p2.ate used in the present investigation. 

Data given in reference 4 indicate that the difference in end 
conditions would accovmt for differences in maocimum 3.ift coefficient 
of the order shown, /ji end -condition correction supplementar'y to 
the standard corrections must be applied to the lift data in this 
report if these data are to be used for other than comparative 
purposes . 

The section dragf coefficients for the basic wing at a = -2.4 , 
computed from wake surveys by the method of reference 5^ were 0.0077 
at wing station 72.25 midway between the nacelles and O.OO72 at 
wing station II3.75 outboard of the outboard nacelle. (See fig. 12.) 

Distributions of static pressure on the top and bottom surface 
of the outboard nacelle are shown in figure 13. These data show 
that a greater presstire difference across the cooling ducts could 
be obtained in cruising and climbing flight by locating the duct 
exits on the top of the nacelles rather than on the bottom where 
they are located at present. 

Inlet number 1 . - Inlet number 1, the original inlet furnished 
with the model, had a large ratio of inlet height to maximum wing 
thiclcness, a lip-stagger angle of 16.5°, and a lower lip ’./hich 
extended we3.1 below the contour of the basic airfoil. (See fig. 3*) 

Lift characteristics of the model with the nuuiber 1 inlet 
installed are presented as a function of angle of attack in 
figures 10(a) and 10(b) for flap deflections of 0° and 65°. Increases 
in the rate of flow caused consistent increases in C.^. for 

■^'max 

the 0 wing flap configuration, but had little or no effect on 

for the 65° wing flap configuration. At the maximum rate of 

max 

internal flow investigated, substitution of j.nlet number 1 for the 
basic nose caused large reductions in Cj as shown in the 

following table: 
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Inlet 

Basic nose 
Inlet no. 1 
Basic nose 
Inlet no. 1 


(^eg) 


65 




j 0 . 124 


0.136 


Biax 

I 1.20 

I 

' 1.05 

j 2.01 

' 1.74 


For a - -2.4 , the section drag coefficients for wing 
station 72.25 with inlet 1 instal.led on the model (fig. 12) ranged 

from about O.OIO7 S't — ^- = O.06 to about O.OOO7 at — = 0.130 

^■'tVo F^Vo 

as compared to the value of O.OO77 for the basic wing. 

A representative static -pres .sure distribution over the surface 
number 1 at wing station 69.75 (fiS’ 1^) shows that a high 
peak negative pressure niccufYddon the lower iniet lip at 
^■fc 

= 0.057 for = 0.25, a condition corresponding to high- 
speed flight at low^altitudes . A similar peak pressure occurred on 


the upper lip at 


.. o.iot 

Vo 


for Ct = 0.45, a high-speed 


condition for high -altitude flight. A number of modifications were 
made to the lip shapes, therefore, in an attempt to eliminate these 
pressure peaks. These modifications were ms,de by filing the inlet 
lips to new contours for a span 2 Inches on either side of wing 
station 69,75 and then fairing gradually spanwise into the original 
lip shape. The final modifications sho^in by dotted lines in figure l4 
resulted in large reductions in the negative pressure peaks. The 
predicted critical Mach numbers for each lip (fig. 15) were computed 
according to the method of reference 6. The predicted critical 

Mach numbers for the inlet at = O.O96 , the flow ratio for 

^ t^o 

high-speed flight at military power at 40,000 feet, are compared 
in figure 16 with the envelope of critical Mach numbers for the 
desired airplane performance. At a of approximately 0.4, 

corresponds to the high-speed flight condition at an altitude 
of 40,000 feet, the predicted critical Mach numbers for the inlet 
Ei*6 ohcvn to be much lover* than the desired V6ilues. 
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Total- pressure diatribu-tions at the measuring stations in the 
internal ducting of inlet 1 are shown for high-speed and climb 
flight configurations (propeller removed) in figures I7 and 18, 
respectively. The total- pressure recoveries were satisfactory 
at the low flow and lift coefficient (fig. I7); but at the higher 
flow and lift coefficient (fig. 18), while the recoveries in 
the carburetor duct were satisfactoiy, considerable losses 
occurred in the lower half of the remaining ducts and throughout 
the oil- cooler ducts. Tlie losses in the Intercooler duct are 
attributed to separation of the flow from the lower lip of the 
inlet, while the low recoveries in the oil-cooler ducts were 
caused by excessive losses through the 90° bends shown in figure 1. 
Total -pressure measurements along the sides of the nacelles at 
the inlet showed that the boxindary layer entering the oil- cooler 
ducts was comparatively thin and did not appear to be directly 
responsible for losses of the magnitude shown. 


Lines of constant total -pressure recovery at the measuring 
station in the number 1 inlet are plotted as functions of 

Q 


FV, 


and 


C in figure 19(a) for the individual ducts 
L 


Superimposed on these curves are the operational flow limits 
required by airplane specifications . It is pointed out that the 
operational flow range of the oil- cooler ducts was not covered, as 

Qo 

the required values of — were not obtainable with the high 

^O^o 

losses present in these ducts. The remaj.ning ducts had fairly 
satisfactory total-pressure recoveries ? ?2. over most of the 

operational range, except at combinations of high values of 

and — . 

FV^ 


Inlet number 2 . - In inlet number 2 (fig. 3), "tbe lower lip 
was brought nearer to the chord line and the height of the inlet 
was reduced by about 10 percent below that of inlet 1 (thereby 
increasing the design inlet -velocity ratios) in an attempt to 
increase the critical speeds for the inlet; the stagger angle 
was increased from 16.5° to 26° in an attempt to improve the 
pressure recovery at high angles of attack. 

The maximum lift coefficients 8=0° vrere not obtained with 
the number 2 inlet Installed (fig. 10(c)) as the geoDietric angle 
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of attack could not te increased atove 23°. The highest values 
of Cj^ obtained vere of the sane order as those of inlet 1 for 
ccmpa.rable flow coefficients. The critical speeds for this inlet 
even after development were of the saiue order as of the modified 
nmber 1 inlet over the range of desired airplane performance 
and flow ratios. (See figs. l4 and 15 •) These tests indicated 
that even major modifications to this inlet would not improve the 
lift characteristics or critical speeds; consequently tests of 
this inlet were terminated in favor of subsequent designs. 

Inlet niunber 3 . - In inlet number 3 (fig> 3) the inlet height 
was reduced approximately 25 percent below that of inlet 1 to 
further increase the design inlet -velocity ratios; the lips were 
extended forward about 3 inches to Increase the fineness ratio 
of the inlet section and to reduce the internal diffuser angle. 

The lip stagger angle was increased from 16.5° to 25° as for 
inlet 2, and the nose of the upper lip ms dropped closer to the 
chord line to regain come of the camber in the ujoper lip lost 
througli the exten.slon of the lips . 

The maximum lift coefficient for inlet 3 at 5=0° (fig. 10(d)) 
was equal to that for inlet 1 (fig- 10(a)) at the same flow 
Qt 

coefficient — — = 0.133, and the critical speeds of inlet 3 
^t^o • 

(figs. l4 and 15 ) were considerably higher. Tests of this inlet 
were terminated as the mcjcimum lift characteristics obtained with 
inlet 2 installed showed no impro'vement over those for inlet 1. 

Inlet number 4 . - Previous experience indicated that increases 
in Cj can be obtained by increasing the upper lip camber. As 

'■'mac: 

the maximum lift characteristics of inlets 1 through 3 vere 
unsatisfactory, the camber of the upper lip was increased by 
reducj.ng the lip extension to approximately 1.6 inches and by 
dropping the upper lip so that its nose radius was near3.y on the 
chord line, thereby decreasing the inlet height 4l percent below 
that for inlet 1. (See fig. 3*) The lip stagger tms fvirther 
increased to 31°^ which reference 1 indicates is approximately the 
maximum stagger that can be used without penalizing the pressure 
recoveries in the inlet at low values of lift coefficient. 

The maximum lift coefficients for the model with inlet 4 
installed (fig. 10(e)), were I.07 and I.76 with the 0° and 65° 
wing flaps, respectively, at a flow ratio of 0.l4. These values 
are each slightly higher than corresponding vaJ.ues for inlet 1 
but are still considerably lower thaii those for the basic wing. The 
section drag coefficients for this configuration (fig. 12) were of 
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the order of O.OO 81 as compared to 0.0077 for the havSic wing and 
were the lowest of any inlet configuration tested. The critical 
speeds for this inlet (figs. 14, I 5 , and 16 ) were higher than 
those for the other Inlets tested over the more important portion 
of the operating range. 

Inl et number T . - In inlet number 5 (fig. 3) the previously 
employed lip stagger angle of 31 ° ■''■’Q-s retained but the lip 
extension was i’educed fi-om 1.4 inches to O .9 inch. The inlet, 
height was 40 percent below that of inlet 1 to give inlet -velocity 
ratios approximately eq.ua! to those for inlet 4., and the center of 
the nose radius of the upper lip was located on the chord line 
to further increase the camber. To obtain as high a critical speed 
as possible with the added camber, the well established high -critical - 
speed inlet ordinates of reference 7 vere applied to the upper lip 
by using the chord line of the airfoil as the reference line and 
the distance from the nose of the lip to the point of maximum airfoil 
thickness as the length of the section. Except for a greater ratio 
of inlet height to maaimum wing thickness, this inlet configuration 
closely resembled the best Inlets reported in reference 1. 

The maximum lift coefficients for the model with in3.et 5 
installed and with propellers removed, figures 11(a) and 11(c) are 
compared in the following table with correspoiiding data for the 
basic model and for the model with inlet 1 installed: 


' i 

Inlet 

j 

5 

(deg) 

“^t 

% 

^i 

L_ 

max 

> ■ • 

1 Basic nose 

1 

i- 

! - - - 


f 

; 1.20 

1 No. 1 

i ° 

! 0.133 

0.493 

' 1.05 

1 No. 5 

t 

i 

1 

1 

; . 140 

. 877 

* 1.21 

1 ...... 

] Basic nose 

1 — 

i 

■f ■ ■ 

j 

! 

j 2.01 

i No . 1 

1 ^5 

i .138 

i 

i 1.74 

i No. 5 

1 

1 

> .158 

i -990 

i 1-87 


The maximum lift coefficient for the model with inlet 5 installed 
was slightly higher than that for the basic model for the 0 wing 

flap condition, but was still 0.l4 .less than that for the basic^ 

model with 65 ° wing flaps. A similar increase in C_ for 0 

■'■'max 

flap deflection, and decrease with 69 ° flap deflection with an inlet 
installed from that of the basic airfoil is presented in reference 1. 
The maximum lift coefficients for inlet 5 . however, were considerably 
higher than those measiired for the original inlet. 
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The section drag coefricienta laeasured for inlet 5 1^) 

vai'ied from O.OO87 to O.OO9& as compared uilJi 0.007? ^or the basic 
ving and^ although higher than those for inlet were much lover 
tlian those for inlet 1. 

The critical speeds for inlet 5(flgs- l^*'^ 15, find 16) vei’e 
consistently higher than those for inlet 1 hut in general were 
lower than those for inlet 4, the highest critical-speed configix- 
ration tested. For a tjj-pical high-speed^ high- altitude flight 

condition at C, = 0.40 and = O.O90 (fig* 16) the 

FtVo 

pi'edicted critical Mach numher for this inlet was about 0.64 
compared to 0-59 for the original inlet, O.69 for inlet 4, and 
a desired value of 0.73 specified for the airplane. The preaicted 
critical Mach numher foi- the basic wing section (C. ~ 0.40) as 

J_i 

obtained from tests in the Langley two -dimens ioml low -turbulence 
tunnels, has been shewn to be only 0.64. Inlet 5, therefore, 
appeal’s to meet the airplane specifications provided that the 
margin between the critical Mach number and the Mach number at 
which abrupt di-ag increases occur is the same for the inlet section 
as for the basic airfoil sections . 

Total-pressure surveys at the measuring station in the internal 
ductir^g of inlet 5 ^ore shown for high-speed and climb flight 
conditions (propeller removed) in figures I7 and l3, respectively. 
Attention is again called to the discontinuities in the internal 
lines of this inlet as shown 5.n figures 3 and 4. The position of 
these surface discontinuities are shown by dotted lines on tlie 
cross-sectional views of the ducts in figures I7 and 18 to showr 
that total- pressure measurements behind these ledges should not be 
taken as true indications of the total- pres sure recovery; in most 
csises these tubes appeared to measure the static pressure of the 
stream at this station. Total -pressure recoveries were relatively 
high over most of the duct areas for the high-speed configuration 
(fig. 17); but excessive losses. still occurred in the oil-cooler 
ducts in the climb configuration (fig. 18) because of the abrupt 90° 
expanding bend. For the climb condition, regions of low total - 
pressure recovery are noted also at the inboard sides of both parts 
of the inboard intercoo].er duct; these losses were probab3.y caused 
by separation of the flow from the adjacent vanes. As there w/as 
no apparent means of obtaining satisfactory pressure recoveries 
at the oil cooler with the present duct arrangement, it is suggested 
that the oil-cooler cooling air be inducted through some source 'Other 
than the w:ing inlet. It is apparent that further study is necessary 
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on the prohlem of designing vanes for inlets of this type when 
vanes appear to he necessary from strength considerations. 

I.-inss of constant total -pres sure recoveries at the measuring 
stations of inlet 5 are shown in figure 19(h) as a function of 
flew coefficient and lift coefficient. The higher desired rates 
of flow throuf^ the oil. cooler ducts could not he obtained because 
of excessive duct losses as was the case with all other inlets. 

The total- pressure recoveries in both carburetor ducts and at the 
oxitboard intercooler duct were of the same order of magnitude as 
those for inlet 1 except in uhe climb range where some improvement 
was realized with inlet 5* 

Inlet number 6 - - Inlet number 6 was designed for an alterxiate 
longer -range version of the airplane with additional fuel tanks 
between the nacelles aft of the front wing spar. This installation 
involved the elimination of the intercooler and carburetor ducts 
aft of the front spar and the re].ocation of these ducts to enter 
the nacelle in front of the spar. To allow for the relocation of 
the ducting, the top lip was extended about 1.36 inches for\7ard 
of the top lip for inlet 5* Because sDialler flow quantities were 
required, it was possible to reduce the inlet hei^it approximately 
3.5 ^rcent below that of inlet 5 Oj raising the lower lip. In 
other respects the design of the inlet (fig. 3) was genera3J.y 
simllai’ to that of inlet 5- For these tests, the ducting forward 
of the spar was not simulated; the oil- cooler duct entrances to 
the nacelle were sealed off and the internal lines were faired to 
the measuring stations in the carburetor and intercooler ducts as 
shorn in figure 5. 

The maximum lift coefficients for the model with inlet 6 
ins-balled (figs. 10(f) and 10 (g)) are compared in the following 
table with corresponding values for the basic nose and inlet 
number 5* 


1 

Inlet 1 

I 

6 

(deg) 

Qt 

^'t^o 

^i 

Vo 

1 max 

— 1 

Basic nose | 


1 

1 

1.20 

No . 5 

0 

0.l4o 

0.877 

1.21 

No. 6 


.129 

.946 

1.22 

Basic nose 




2,01 

No. 5 

65 

.158 

.990 

1.87 

No. 6 


.168 

1.232 

2.00 
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The mazimum lift coefficients with inlet number 6 installed were 
higher than those for inlet 5 and were approximately equal to 
those for the hasic nose installation. The section drag coef“ 
flcients for inlet 6 (fig. 12) were highei- than those for inlet 5> 
however^ possible because of unavoidable roughness on the large 
areas of the modeling clay fairing required with this inlet. 

Surface -pressure distributions (fig. 14) indicate that the 
friction drag for inlet 6 should not be appreciably higher than 
that for inlet 5- The predicted critical Mach muabers for inlet 6 
{figs. 15 and 1&) were approximately equal to those for inlet 5. 

Representative pressure surveys in the internal flow for 
inlet 6 are compared in figures I7 and 18 with those for inlets 1 
and 5- The total -pressure i-ecoveries for inlet 6 were higher than 
those for inlet 5^ ^d in the climb condition there was no 
indication of flow separation from either the lower lip of the 
inlet or from the divider varies. (See fig. 3.8.) Average total- 
pressure recoveries at the measuring stations in the ducting of inlet 6 
are spotted on the pressure recovery charts for inlets 1 and 5 
in figure I9. These recoveries appeared to be somevrhat higher 
than those for the other inlets in the intercooler ducts and of the 
same magnitude as those for the otlier Inlets in the carburetor ducts. 
The improved total- pressure recoveries in the inboard intercooler 
duct of inlet 6 are attributed to the elimination of the inboai’d 
oil- cooler duct with its divider vane. 

Effect of end x>3- ate. - An indication of the effectiveness of 
the end p3.ate is afforded by comparisons of the lift curves for 
inlet 6 for the end -plate -ins tailed and end -plate -removed conditions. 

At a flow coefficient of 0.175> removal of the end plate reduced 
the maximum lift coefficient with 0° vi.ng flaps (fig. 10(f)) 
from 1.22 to I.I5, but did not cause any large change in the slope 
of the lift curves. With 65° wing flaps, (fig. 10(g)) removal of 
the end plate reduced the maximum lift coefficient from 2.00 
to 1.70 and also reduced tlie slope of lift curve. 

Effect of proneller operation . - Supplemental tests were 
conducted with the number 5 inlet installed to study the effects 
of propeller operation on the aerodynamic characteristics of the 
model. In addition to tests with right-hand propellers as used 
on the airplane, tests were conducted with left-hand propellers 
to simulate the slipstream configuration for the right wing of the 
airplane . 

The effects of propeller operation on the lift characteristics 
of the model are presented in figure 11. The maicimum lift 
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coefficients for the right-hand propellers Installation are compared 
with propel3.er -removed data in the following tah3.e: 


i . 1 

0 

T 

i 

Vi 

1 

! (cl-eg) 
1 

c 

; F.V 

i ° 

v; 

max 

!"■ "1 

Props . off 

I 

\o.lhO 

! 

1 0.877 

! 

0° 

i 0 

! .1^5 (approx.) 

1 .906 (approx. ) 



1 

i .lJ)-5 (approx.) 

1 _ 

i .906 (approx.) 

! 1-50 1 

l. . . — 1 

i 0 

1 

I Props . off 

1 ■'-58 

1 -990 

i 1 . 87 1 

1 65° 

1 0 .3-5 

1 .186 (approx.) 

1 

1 l.lSh (approx.) 

1 2.38 ! 

! ! 


Increases in thrust coefficient gave increases in C_ for 

the left-hand propeller installation hut the quantitative values 
obtained were not as great as those for the right-hand propeller 
installation. 


The total-pressure recoveries at the measuring station in 
the inhoard intercooler duct of inlet 5 are presented in figure 20 
as a function of flow coefficient and lift coefficient for hoth 
right- and left-hand modes of propeller rotation. These total 
pressures were higher than those for the propeller -removed 
condition (fig- 19 (h)). In most cases, the increases were a 
large percentage of the theoretical total -pressure rise through 


a loniformally loaded propeller disK 



These theoretical 


total -pressure rises exe as follows: 


H - E i 

n I 



I 0.005 I 0.01 

I -035 I . .09 


i .090 I .23 

! .150 I .38 
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SIMmEY OF KE5LT,TS 


The more important resiilte of this investigation are snmma.rized 
as follows ; 

1. The original inlet was found to decrease the maximum lift 
coefficients and to have critical Mach numbers below those of the 
wing with the basic nose installed. 


2. The total -proBSUi’e recovery in the oil- cooler ducts was 
poor regardless of the in.let installation. As the sharp expanding 
bend in this duct cannot be avoided, it is recommended that the 
oil -cooler air be induced tlu’ough the cowling or from some source 
other than the subject wing inlet. 


3* Two inlets (nos. 5 ^nid 6) were developed which should 
be satisfactory for the airp.lane. Hie maximum lift coefficients for 

the model with inlets 5 and 6 Installed were about 1.21 = O.liiO 
^ 0.^ \ \FtVo 


and 1.22 


= 0.129 respectively, with C wing flaps' 

\ 

-— •= 0 .168 j, respectively. 


F+V 

— 0.158 ] arid 2.00! - ^ 


and 1.87 

with 55 wing ilaps compared to corresponding values of 1.20 and 2.01 
for the model cquippea with the faired basic nose 


4. Tne predicted critical Mach numbers for inlets 5 and 6 for 
the critical mi litai'y -power high-speed condition for an altitude 

of s0,000 feet were 0.63 and 0.64, respectively, as compared with ©.64 
for the thickest section of the basic wing. 

5, Propeller operation (either right- or left-hand) caused 
appreciable increases in maximum lift csefficients and in the total 
pressures in the ducting. 


Langley Memorial Aorouautlcal Laboratory 

National Advisory Committee for Aeronautics 
Langley Fiold^ Va. 
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table I.- ORDINATES FOR THE NUMBER 1 INLET 
(See figure 3 for symbbl definitions) 
All ordinates In inches 


Wing Station 55.125 
[Basic chord = 44.833 in. ]] 

Wing Station 90.125 
[^Basic chord = 39.388 In. J 

X 

Upper Lip 

Lower Lip 

X 

Upper Lip 

Lower Lip 


^2 

^3 

Y4 


^2 

^3 

^4 

0.561 

1.121 

2.242 

3.363 

4.483 

6.725 

7.599 

7.695 

8.130 

8.148 

1.130 

1.562 

2.168 

2.621 

2.987 

3.547 

3.818^<^ 

0.231 

.337 

.615<^ 

1.484 

-1.666 

-1.649^ 

-1.264 

-2.690 

-2.816 

-2.894 

-2.989 

-3.028*-*^ 

0.492 

.985 

1.970 

2.954 

3.939 

5.908 

6.780 

6.876 

7.300 

7.345 

0.962 

1.340 

1.867 

2.259 

2.576 

3.063 

3.334** 

0.213 

.300 

.548* 

1.551 

-1.442 

-1.474* 

-1.198 

-2.278 

-2.362 

-2.416 

-2.490 

-2.520** 

Leading-edge 

radius 

0.464 

0.317 

0.382 

0.260 

Leading-edge 
radius off 
chord line 

.721 

-2.163 

.616 

-1.842 

Leading-edge 
radius aft 
of 0-percent 
chord 

.800 

1.598 

.677 

1.347 


^ Fairs to next ordinate with straight line 
" Pairs with airfoil contour 
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TABLE II.- ORDINATES FOR THE NUMBER 2 INLET 
(See figure 3 f’or symbol definitions) 
All ordinates in Inches 



Model Wing Station 55.125 



Model 

Wing Station 

90.125 



[^Baslc chord = 

44.833 

in. ^ 



[^Baslc 

chord 

= 39.388 in. J 


Upper Lip 

Lower Lip 

Upper Lip 

Lower Lip 

X 


^2 

X 


^^4 

X 


^2 

X 

^3 

^4 

0.229 



0.549 

1.450 

-1.768 

-1.977 

0.185 

0.809 



1.289 



-1.558 

.237 

0.989 



1.550 

-1.683 

-2.055 

.205 

.848 

— 

1.290 

-1.131 

— 

.280 



.509 

1.650 

-1.632 

-2.102 

.220 

.873 

— 

1.330 

— 

-1.629 

.547 



.469 

1.750 

-1.595 

-2.151 

.230 

.388 

— 

1.333 

-1.391 

— 

.380 

1.149 



2.000 

-1.530 

-2.257 

.250 

.916 


1.360 

-1.371 

— 

.430 

— 

.429 

2.250 

-1.483 

-2.343 

.350 

1.029 

0.457 

1.383 

— 

-1.671 

.500 

1.254 

.402 

2.750 

-1.416 

-2.492 

.450 

1.120 

.414 

1.430 

-1.331 

— 

.750 

1.437 

.342 

3.250 

-1.370 

-2.608 

.550 

1.198 

.384 

1.450 

— 

-1.710 

1.000 

1.577 

.319 

3.750 

-1.337 

-2.702 

.750 

1.333 

.348 

1.500 

-1.303 

-1.737 

1.250 

1.737 

.313 

4.250 

-1.312 

-2.783 

1.000 

1.477 

.332 

1.750 

-1.229 

-1.844 

1.750 

1.981 

.332 

4.750 

-1.295 

-2.843 

1.250 

1.603 

.329 

2.000 

-1.181 

-1.941 

2.250 

2.194 

.375 

5.250 

-1.281 

-2.890 

1.750 

1.824 

.355 

2.250 

-1.143 

-2.006 

2.750 

2.385 

.437 

5.750 

-1.270 

-2.926 

2.250 

2.024 

.405 

2.750 

-1.095 

-2.129 

3.250 

2.566 

.513 

6.250 

-1.265 

-2.955 

2.750 

2.201 

.473 

3.250 

-1.063 

-2.223 

3.750 

2.735 

.596 

6.750 

-1.264 

-2.980 

3.250 

2.356 

.550 

3.750 

-1.050 

-2.297 

4.250 

2.889 

.684 

7.250 

-1.264 

-3.001 

3.750 

2.498 

.641 

4.250 

-1.052 

-2.352 

4.750 

3.035 

.782 

7.695 

-1.264 

— 

4.250 

2.634 

.746 

4.750 

-1 .063 

-2.395 

5.250 

3.167 

.883 

7.750 

— 

-3.019 

4.750 

2.757 

.370 

5.250 

-1.086 

-2.430 

5.750 

3.291 

.989 

8.130 

— 

-3.028* 

5.250 

2.876 

1.008 

5.750 

-1.116 

-2.457 

6.250 

3.408 

1.102 




5.750 

2.986 

1.162 

6.250 

-1.148 

-2.481 

6.750 

3.522 

1.228 




6.250 

3.086 

1.335 

6.750 

-1.187 

-2.501 

7.250 

3.631 

1.369 




6.750 

3.202 

— 

6.876 

-1.198 

— 

7.599 



1.484 




6.780 

— 

1.551 

7.300 

— 

-2.520* 

7.750 

3.735 

... 




7.250 

3.312 

— 




8.141 

3.818* 

... 




7.345 

3.334* 

— 




Leadln 

radius 

g-edge 

0.233 

0.153 

0.238 

0.125 

Leading-edge 






0.709 



-1.511 


radius 

, off 

0.724 


-1.866 






chord 

line 











Leading-edge 











radius 

1 aft 

0.384 


1.560 



0.401 



1.385 


of 0-percent 










chord 
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TABLR III.- ordinates FOR THE NUMBER 3 INLET 
(See figure 3 symbol definitions) 

All ordinates In Inches 


Model IVlng Station 55.125 
[Basic chord ■ 44.833 In. J 


Model Wing Station 90.125 
[jBaslc chord = 39.388 In. ^ 



Upper Lip 

Lower Lip 

Upper Lip 

Lower Lip 

X 


^2 

X 

^3 

^4 

X 


^2 

X 

^3 

^4 

-3.090 
-3.067 
-5.045 
-3.023 
-3.000 
-2.870 
-2.750 
-2.500 
-2.250 
-2.000 
-1.750 
-1.500 
-1.250 
-1.000 
- .500 

0 

.500 

1.000 

1.500 

2.000 

2.500 

3.000 

3.500 

4.000 

4.500 

5.000 

5.500 

6.000 

6.500 

7.000 

7.500 

8.000 

7.599 

7.880 

0.597 

.648 

.695 

.738 

.767 

1.017 

1.198 

1.352 

1.490 

1.619 

1.735 

1.849 

1.955 

2.145 

2.318 

2.476 

2.627 

2.762 

2.900 

3.010 

3.120 

3.229 

3.329 

3.429 

3.525 

3.616 

3.708 

5.795 

3.883 

3.967 

4.048 

4.027 

0.200 
.149 
.092 
.072 
.069 
.072 
.084 
.105 
.129 
.189 
.253 
. 323 
.394 
.467 
.543 
.618 
.693 
.772 
.853 
.938 
1.026 
1.111 
1.200 
1.287 
1.377 

1.484 

-1.989 
-1.944 
-1.899 
-1.854 
-1.724 
-1.630 
-1.500 
-1.250 
-1.000 
- .500 

0 

0.500 

1.000 

1.500 

2.000 

2.500 

3.000 

3.500 

4.000 

4.500 

5.000 

5.500 

6.000 

6.500 

7.000 

7.500 

7.695 

8.130 

-1.652 

-1.615 

-1.584 

-1.561 

-1.504 

-1.471 

-1.435 

-1.390 

-1.357 

-1.311 

-1.280 

-1.262 

-1.252 

-1.247 

-1.244 

-1.241 

-1.241 

-1.241 

-1.243 

-1.244 

-1.247 

-1.248 

-1.252 

-1.256 

-1.260 

-1.264 

-1.906 
-1.943 
-1.973 
-1.998 
-2.061 
-2.101 
-2.152 
-2.248 
—2 .330 
-2.468 
-2.573 
-2.658 
-2.727 
-2.781 
-2.327 
-2.864 
-2.894 
-2.922 
-2.947 
-2.965 
-2.983 
-2.997 
-3.012 
-3.027 
-3.040 
-3.051 

-3.066 

-2.859 

-2.838 
-2.818 
-2.718 
-2.618 
-2.518 
-2.418 
-2.318 
-2.250 
-2.000 
-1.750 
-1.500 
-1.250 
-1.000 
- .500 
0 

.500 

1.000 

1.500 
2.000 

2.500 

3.000 

3.500 

4.000 

4.500 

5.000 

5.500 

6.000 

6.500 
7.000 
6.780 

0.575 

.615 

.643 

.756 

.847 

.925 

.944 

1.060 

1.101 

1.237 

1.362 

1.476 

1.580 

1.678 
1.855 
2.020 
2.168 
2.308 
2.438 
2.562 

2.678 
2.788 
2.891 
2.992 
3.088 
3.185 
3.274 
3.361 
3.440 
3.513 

0.184 

.141 

.111 

.090 

.075 

.068 

'.055 

.056 

.067 

.085 

.107 

.163 

.234 

.305 

.389 

.475 

.567 

.665 

.766 

.867 

.970 

1.075 

1.177 

1.283 

1.386 

1.491 

1.551 

-1.959 

-1.956 

-1.917 

-1.914 

-1.887 

-1.864 

-1.817 

-1.797 

-1.747 

-1.500 

-1.250 

-1.000 

- .750 

- .500 
0 

.500 

1.000 

1.500 
2.000 

2.500 

3.000 

3.500 

4.000 

4.500 

5.000 

5.500 

6.000 

6.500 
7.000 
6.876 

7.300 

-1.461 

-1.421 

-1.401 

-1.361 

-1.333 
-1.258 
-1.213 
-1.183 
-1.156 
-1.137 
-1.109 
-1.094 
-1.087 
-1.088 
-1.094 
-1 . 100 
-1.112 
-1.121 
-1.131 
-1.143 
-1.153 
-1.165 
-1.178 
-1.190 

-1.198 

-1.691 

-1.661 

-1.701 

-1.740 

-1.767 

-1.867 

-1.955 

-2.029 

-2.093 

-2.149 

-2.236 

-2.303 

-2.356 

-2.396 

-2.427 

-2.449 

-2.467 

-2.480 

-2.492 

-2.501 

-2.511 

-2.517 

-2.524 

-2.531 

-2.537 

-2.520 

Leading-edge 

radius 

0.233 

0.153 

0.238 

0.125 


Leading-edge 
radius off 
chord line 

0.478 

-1.780 

0.436 

-1.541 

Leading-edge 
radius aft 
of 0-percent 
chord 

-2.866 

-1.898 

-2.667 

-1.859 
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TABLK IV.- ordinates FOR THE NUMBER 4 INLET 
(See figure 3 for symbol definitions) 
All ordinates In Inches 



Model Wing Station 55 
[^Baslc chord ~ 44.833 

.125 

in.] 



Model Wing Station 90 
I^Baslc chord = 39.388 

.125 

in.] 


Upper Lip 

Lower Lip 

Upper Lip 

Lower Lip 

X 


^^2 

X 

^3 

^4 

X 


^8 

X 



-1 . 408 

0.247 


-0.215 

-1.770 


-1.237 

0.209 

... 

-0.189 

-1.501 

— 

-1.390 

.354 

0.140 

- .202 

-1.698 

-1.89C 

-1.221 

.293 

U.122 

- .177 

-1.437 

-1.602 

-1.367 

.420 

.108 

- .179 

-1.645 

-1.929 

-1.201 

— - 

.091 

- .158 

-1.395 

—1 . 633 

-1.345 

.460 

.081 

- .134 

-1.584 

-1.9Q2 

-1.182 

.385 

.068 

- .118 

-1.340 

-1.680 

-1.300 

• 529 

.040 

- .090 

-1.540 

-2.'/23 

-1.142 

.449 

.034 

- .079 

-1.300 

-1.715 

-1.255 

.587 

.008 

- .045 

-1.500 

-2,058 

-1.103 

.503 

.006 

- .039 

-1.270 

-1.745 

-1.210 

.641 

- .013 

0 

-1.471 

- ,.088 

-1.063 

.547 

- .015 

0 

-1.247 

-1.770 

-1.166' 

.681 

- .040 

.045 

-1.442 

2.122 

-1.024 

.585 

- .035 

.039 

-1.224 

-1.792 

-1.121 

.726 

- .058 

.090 

-1.420 

-2.143 

-0.985 

.624 

- .049 

.079 

-1.199 

-1.815 

-1.031 

.811 

- .093 

.134 

-1.394 

-2.170 

- .906 

.688 

- .076 

.118 

-1.181 

-1.836 

- .897 

.915 

- .119 

.179 

-1.372 

-2.195 

- .788 

.776 

- .099 

.158 

-1.165 

-1.857 

- ,785 

.993 

- .130 

.224 

-1.354 

-2.220 

- .689 

.848 

- .106 

.197 

-1.149 

-1.878 

- .672 

1.075 

- .137 

.336 

-1.314 

-2.264 

- .591 

.908 

- .114 

.295 

-1.114 

-1.923 

- .560 

1.143 

- .134 

.448 

-1.275 

-2.310 

- .492 

.969 

- .117 

.394 

-1.084 

—1 .960 

- .448 

1.213 

- .130 

.672 

-1.219 

-2.385 

- .394 

1.028 

- .114 

.591 

-1.034 

—2 .025 

- .224 

1.341 

- .116 

.897 

-1.1G6 

-2.450 

- .197 

1.136 

- .099 

.788 

-0.988 

-2.080 

0 

1.465 

- .088 

1.345 

-1.090 

-2.552 

0 

1.240 

- .072 

1.182 

- .920 

-2.168 

.448 

1.682 

- .039 

1.793 

-1.030 

-2.633 

.394 

1.424 

- .010 

1.576 

- .865 

-2.235 

.897 

•1.879 

.030 

2.242 

-0.980 

-2.694 

.788 

1.591 

.042- 

1.969 

- .820 

-2.278 

1.345 

2.055 

.105 

2.690 

- .945 

-2.748 

'..182 

1.743 

.108* 

2.363 

- .784 

-2.334 

1.793 

2.215 

.180 

3.138 

- .930 

-2.793 

1.576 

1.881 


2.757 

— 

—2 . 350 

2.242 

2.368 

.260 

3.587 

- .922 

-2.830 

1.969 

2.011 


3.151 

- .760 

-2.380 

2.690 

2.514 

.332* 

4.035 

- .920 

-2.864 

2.363 

2.135 


3.545 

--- 

-2.401 

3.138 

2.652 


4.483 

- .923* 

-2.888 

2.757 

2.250 


3.939 

- .760* 

-2.420 

3.587 

2.785 


4.932 


-2.912 

3.151 

2.359 


4.333 


-2 . 432 

4.035 

2.912 


5.380 


-2.935 

3.545 

2.467 


4.727 


-2.450 

4.483 

3.030 


5.828 


-2.954 

3.939 

2.569 


5.120 


-2.461 

4.932 

3.143 


6.277 


-2.969 

4.333 

2.676 


5.514 


-2.475 

5.380 

3.250 


6.725 


-2.988 

4.727 

2.777 


5.800 

- .782 

— 

5.828 

3.349 


7.173 


—3 . 003 

5.120 

2.875 


5.908 

— — 

-2.490 

6.277 

3.450 


7.240 

- .955 

... 

5. 500 


.820 

6.302 

— 

-2.500 

6.725 

3.551 


7.400 

- .962 

— 

5.514 

2.970 

— 

6.400 

- .821 

— 

7.173 

3.641 


7.600 

- .988 

... 

5.800 

--- 

.873 

6.696 

— - 

-2.508 

7.300 



1.100 

7.622 

. — 

-3.017 

5.908 

3.060 

— 

6.865 

- .889 

— - 

7.500 



1.145 

7.685 

-1.000 


6.200 

- — 

.965 

7.090 

— 

—2 .519 

7.605 



1.179 

8.070 

— 

-3.023 

6.302 

3.141 

— 

7.300 

— 

-2.520** 

7.622 

3.728 

... 

8.130 

... 

-3.028** 

6.600 


1.085 




8.070 

3.808 






6.696 

3.218 





8.141 

3.818«« 

... 




6.793 

--- 

1.156 










7.090 

3.287 

... 










7.345 

3.334** 




1 


NATIONAL ADVISORY 
COMMITTEE FOll AERONAUTICS 


♦ Fairs to ne^it ordinate with straight line 
^ Fairs with airfoil contour 


NACA RT^I No. L6L11 


23 


TABLK V.- ORDINATiiS FOR THE NTOBER 5 INLET 
(See figure 3 for symbol definitions) 
All ordinates in Inches 


Model Wing Station 55.125 

I^Baslc chord = 44.833 in. J 

1 

Model Wing Station 90 
j^Basic chord - 39.388 

1.125 

in.] 




Upper Lip 

Lower Lip 

Upper Lip 

Lower Lip 



Yl 

^2 

X 

^3 

^4 

X 


^^2 

X 

^3 

^4 


-0.900 

0.030 

0.030 

0.205 

-1.820 


-0.791 

0 

0 

0.180 

-1.543 



- .895 

.092 

- .024 

.218 

-1.748 

-1.940 

- .785 

.085 

- .033 

.192 

-1.482 

-1.645 


- .890 

.128 

- .043 

.241 

-1.695 

-1.979 

- .780 

.122 

- .C48 

.212 

-1.437 

-1.678 


- .880 

.172 

- .076 

.286 

-1.634 

-2.032 

- .770 

.162 

- .075 

.251 

-1.385 

-1.723 


- .870 

.208 

- .095 

.330 

-1.5^ 

-2.073 

- .760 

.190 

- .088 

.290 

-1.348 

-1.757 


- .860 

.238 

- .115 

.375 

-1.560 

-2.108 

- .750 

.222 

- .103 

.329 

-1.314 

-1.787 


- .840 

' .283 

- .138 

.420 

-1.521 

-2.138 

- .740 

.250 

- .112 

.369 

-1.290 

-1.813 


- .820 

I .323 

- .158 

.465 

-1.492 

-2.172 

- .730 

.373 

- .120 

.409 

-1.265 

-1.841 


- .800 

.364 

- .172 

.510 

-1.470 

-2.193 

- .720 

.293 

- .128 

.448 

-1.246 

-1.859 


- .750 

.444 

- .202 

.554 

-1.444 

-2.220 

- .700 

.328 

- .143 

.487 

-1.224 

-1.882 


- .700 

1 .512 

- .223 

.599 

-1.422 

-2.245 

- .640 

.414 

- .179 

.526 

-1.206 

-1.903 


- .600 

; .629 

- .248 

.644 

-1 . 404 

-2.270 

- .600 

.462 

- .195 

.566 

-1.190 

-1.925 


- .500 


- .252 

.756 

-1.364 

-2.314 

- .500 

.567 

- .215 

.664 

-1.156 

-1.962 


- .400 

.823 

- .250 

.868 

— 1 . 525 

-2.360 

- .400 

.668 

- .216 

.763 

-1.123 

-2.011 


- .200 

.992 

- .239 

1.092 

-1.269 

-2.435 

- .200 

.342 

- .203 

.959 

-1.076 

-2.070 


0 

1.142 

- .223 

1.317 

-1.216 

1 -2.500 

0 

.990 

- .190 

1.157 

-1.031 

-2.125 


.200 

1.278 

- .200 

1.765 

-1.140 

-2.602 

.200 

1.122 

- .165 

1.551 

- .966 

-2.212 


.400 

1.402 

- .172 

2.213 

-1.080 

-2.683 

.400 

1.245 

- .138 

1.944 

- .916 

-2.275 


.600 

1.525 

- .138 

2.662 

-1.032 

-2.744 

.600 

1.562 

- .105 

2.339 

- .375 

-2.318 


.800 

1.642 

- .102 

2.690 

-1.030 

-2.748 

.800 

1.472 

- .072 

2.363 

- .875 

-2.319 


1.000 1 

1.747 

- .068 

5.138 

- .998 

-2.793 

1.000 

1.573 

- .035 

2.757 

- .352 

-2.350 


1.200 

1.845 

- .030* 

5.587 

- .982 

—2 . 830 

1.5U0 

1.802 

.059* 

3.151 

- .837 

-2.380 


1.400 ; 

1.942 


4.035 

- .972* 

-2.364 

2.000 

1.999 


3.545 

- .822 

-2.401 


1.600 ! 

2.052 


. 485 


-2.888 

2.500 

2.162 


3.939 

- .318* 

-2.420 


2.000 

2.198 


4.:^32 


-2.912 

3.000 

2.310 


4.333 


-2.432 


2.500 

2.387 


5 . o80 


-2.935 

3.500 

2.448 


4.727 1 


-2.450 


3.000 

2.66b 


5.828 


-2.954 

4.000 

2.582 


5.120 I 


-2.461 


3.500 

2.732 


f .277 


-2.969 

5.000 

2.842 


5.514 


-2. *475 


4.000 

2.878 


6.725 


-2.988 

5.120 

2.875 


5.700 1 

- .780 




4.500 

5.017 


7.173 

j 

-3.003 

5.514 

2.970 


5.908 1 

... 

-2.490 


5.550 

5.272 


7.240 

- ‘.955 1 

' 

5.700 

— 

0.852 1 

6.302 

... 

-2.500 


6.000 

5.337 


7.400 

- .962 

— - 

5.300 

— 

.873 ! 

6.400 

- .821 




6.500 

3.500 


7.600 

- .988 1 

— 

5.908 

3.060 



6.696 



-2.508 


, 7.000 

5.608 


7.622 

1 

-3.017 

6.200 



.965 

6.865 

- .889 




7.300 ' 

— 

1.100 

7.635 

-1.000 

— 

6.302 

3.141 



7.090 



-2.519 


1 7.500 ! 

3.704 

1.145 

8.070 

i 

-3.023** 

6.600 



1.035 

7.300 

... 

-2.520** 


7.605 : 


1.179 


1 


6.696 

3.218 







8.000 : 

3.798*^ 



1 


6.793 



1.156 1 

• 




8.141 1 

1 

1 

1 

1 


7.090 

3.287** 

L 

1 
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TABLE VI.- ORDINATES FOE THE NUMBER 6 INLET 
(See figure 3 symbol definitions) 

All ordinates In Inches 
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TABLE VII 

OEDINATES OF BASIC AIRFOIL SECTIONS 
percent chord] 


Station 

Eoot section (theoretical) 

Tip section (theoretical) 

Upper 

Lower 

Upper 

Lower 

0.50 

1-759 

1.119 

l. 4 o 8 

0 .709 

.75 

2.08L 

1.412 

1.667 

.888 

1.25 

2.609 

1.885 

2.095 

1-175 

2.50 

3-595 

2.700 

2.924 

1.646 

5.00 

4 . 967 

3.768 

4.120 

2.231 

7.50 

5-993 

4.520 

5-019 

2.609 

10.00 

6-813 

5-103 

5.771 

2.869 

15.00 

8,089 

5.972 

6.930 

3.238 

20.00 

9-023 

6.569 

7.818 

3-459 

25.00 

9.707 

6.986 

8.467 

3 .606 

30.00 

10.183 

7.248 

8.938 

3.654 

35-00 

10.482 

7-379 

9.247 

3-654 

uo.oo 

10.609 

7-396 

9.399 

3 .606 

L5.00 

10.569 

7-281 

9.399 

3-053 

50.00 

10 . 365 

7.052 

9.242 

3-346 

55.00 

9-991 

6.698 

8.922 

3.1^ 

60.00 

9.447 

6.220 

8.429 

2.896 

65.00 

8.742 

5.625 

^ 7-736 

2.653 

70.00 

7.882 

4.920 

6.886 

2.398 

75.00 

6.869 

4.129 

5 -&T 9 

2.101 

80.00 

5-733 

3.286 

4.791 

1.765 

85.00 

4.494 

2.419 

3.638 

1.402 

90.00 

3-141 

1-534 

2.436 

1.002 

95-00 

1.663 

.677 

1.245 

•563 

100.00 

.017 

.017 

-039 

.039 

I.eading-edge 





radius height 

0.234 

0.234 

Leading -edge 




N 

radius 

2.025 

1-057 
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(a) Genera/ arrangement and principal cf /mentions. 
Figure /.-The PP--sca/e eem/span 'tv/ng mode/ used Tor tests. 


Fig. la NACA RM No. L6L11 


4aoo 




I 



(b) Details of end plate. 
Figure 1.- Continued. 
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NACA RM No. L6L11 Fig.' lb 



(c) Photograph of model mounted in the Langley propeller -research tunnel; basic nose installed. ' 

Figure 1.- Concluded. 


NACA RM No. L6L11 Fig. Ic 




(a) Three-quarter rear view 6 = 0°; wake survey rake shown in position. 
Figure 2.- Photographs of model with various flap configurations installed. 


NACA RM No. L6L11 Fig. 2a 
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Fig. 2b ,c 



(b) Three-quarter rear view ; 6 = 20 . 



(c) Three-quarter rear view* 6 = short cowling flaps installed on model. 

Figure 2.- Continued. 
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Fig. 2d,e 



(d) Front view ; 6 = 65°. continuous flap. 



(e) Three-quarter rear view j 6 = 65°. continuous flap; long cowling 

flaps installed on model. 


Figure 2.- Concluded. 
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Fig. 4 


NACA RM No. L6L11 



1|, Sicctch sWowin^ position of dlsconuinuity in oiffussn fnining^ 
of inlet 5 relative to pressure tubes at measuring station. 



Figure 5.- General view of model with right-hand propellers and inlet number 5 installed. 

CJI 


NACA RM No. L6L11 Fig. 
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Fig. 6 
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Figure 6.- Blade-form curves for model propeller and Curtiss 1016 
propeller. D, diameter; R, radius to tip; r, station radius; 
b, section chord; h, section thickness; p , blade angle, degrees. 
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Fig. 7 



Figure 7. - Pressure belt installation on lower 
surface of outboard nacelle; duct exits 
sealed and faired. 
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Fig. 8 
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Figure 8.- Relationship of inlet- velocity ratio to 
total flow coefficient for the several inlets. 


Fig. 9 


NAGA RM No. L6L11 



Figure 9.- Lift characteristics of the semlspan wing model with the basic nose 
Installed. 


1 


I 



Fl^rure 10*- Lift characterlatlca of the senlspan wing model with several of the 
inleta Installed for several flow coefficients. 


NACA RM No. L6L11 Fig. 10a 


Fig. 10b 
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Figure 10.- Continued 
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Fig. 10c 
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(c) Inlet number 


Fig. lOd 
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Figure 10.- Continued 
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Fig. lOe 



(e) Inlet number 4; 6, 0°, 65 ®; 0.l40; ,0.ggg 

Figure 10.- Continued. 



(f) 


Inlet number 6; 


6 , 0 


end plate Installed and end plate removed* 


Figure 10.- Continued 


Fig. lOf NAG A RM No. L6L11 
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(g) Inlet number 6; 6, 65 °; end plate Installed and end plate removed. 
Figure 10.- Concluded, 
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(a) Right-hand propellers; 6, 0°; 0. 14-5; ^yy^0.Q06 ; propeller removed test, ^y^^VQ=0.l40; 

e 11,- The effect of propeller operation on the wing lift characteristics with the number five 
inlet installed. 
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Fig. 11a NACA RM No. L6L11 
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FiK. 11b 



(b) Rlght-and left-hand propellers; 6, 0°; 
Figure 11.- Continued. 


Fig. 11c 
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Figure 11.- Concluded. 
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Fig. 12 
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Figure 12.- Section drag coefficients for the several 
wing ducts at wing station 72,25, as a function of 
flow coefficient. a, -2.4°. 


Fig. 13 
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Figure !3.- Surface -pressure disfributions on the upper and I otver surfaces 
of the outboard nacette j d ot exits jea/cd and faired j bacic nose installed 
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Fig. 14b NACA RM No. L6L11 



(d)G -^0.45 
Fiouns/^. -Conc/uded. 
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Fig. 15 



Fig. 16 
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Figure 16,- Indicated critical Mach numbers for several 
inlet configurations as function of lift coefficient. 
Qt/Ft^o * 0.096. 
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Fig. 17a 
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NATIONAL ADVISORY 
COMMITTEE FOfi AERONAUTICS 

(a) tnboorc/ and out board carburetor ducts. 
t~/qure /7. - t^epreeentat/ve ct/strtbut tons ot totot 

ar)d stc/t /c pressure coetf /c/ents of meae- 

ur/nq utat/ons tr? ctact/nq for the pro - 
po/ler- removed h/qh - speed con ct ft /'onj CL^C!2d. 
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Fig. 17c 
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F/g'ure /?. - ConHnaed . 


Fig. 17d 
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(d) /n board and ou/ board od-coo/or dac/s. 
F/gure / 7 . - Conduded . 
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Fig. 18a 
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(a) Inboard ano/ ou-fbo(^rc/ carburefor c/acfs. COMMITTEE FOft AERONAUTICS 

f/g'ure 78. - 7?ep/€senta five d/s td bur tons of to fa/ and s (at fc pressure 
coeff /dents of /neosuri/ig stat/'ons in ducting for the 
prope7 7er - removed ct/mb cond 7 t/oji- 
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f~K^ure /8 . - Con-//nu6c/. 
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Fig. 18c 
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Fig. 19a 
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Fig. 19b 
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Fig. 20 
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